Nanoparticle-mediated drug delivery to tumor neovasculature to combat P-gp expressing multidrug resistant cancer.
Anticancer drug resistance is a common intractable obstacle in clinical cancer chemotherapy. Here, we hypothesize that antiangiogenic cancer therapy through the targeted delivery of antiangiogenic agents to the tumor endothelial cells (EC), not the resistant cancer cells, may have the potential of combating multidrug resistant cancer. The K237 peptide-conjugated paclitaxel loaded nanoparticles (K237-PTX-NP), which can target KDR receptors highly expressed in the tumor vasculature, were fabricated for this investigation and the human colorectal adenocarcinoma HCT-15 with naturally expressed P-gp on the cell surface was adopted as the resistant tumor model. The human umbilical vein endothelial cells (HUVEC, a classical cell model mimicking tumor EC) were much more sensitive, in the cytotoxicity and apoptosis test, to K237-PTX-NP than Taxol and non-targeted PTX-NP. The enhanced antiangiogenic feature of K237-PTX-NP can be ascribed to the active internalization mediated by the interaction of K237 and KDR specifically highly expressed on the HUVEC, and the significantly extended intracellular drug retention. The tumor vessel targeting of K237-PTX-NP led to increased nanoparticle accumulation in HCT-15 tumors, and more importantly, induced significant apoptosis of tumor vascular EC and necrosis of tumor tissues. Low dose paclitaxel formulated in K237-PTX-NP (1 mg/kg) achieved significant anticancer efficacy of inhibiting the growth of HCT-15 tumors, but the same efficacy could be only obtained with 8 fold dose paclitaxel (8 mg/kg) in Taxol plus XR9576, a potent P-gp inhibitor. The anticancer efficacy of K237-PTX-NP was well related with the improved antiangiogenic effect shown in the dramatically decreased intratumoral microvessel density and pronouncedly increased apoptotic tumor cells, and such approach did not lead to obvious toxicity in the mice. These results suggest that the nanoparticles targeting drug to tumor neovasculature may be a promising strategy for the treatment of multidrug resistant cancer.